This work compares the methods by Starkov (1994a) and Zhang & Paxton (2008) , that calculate the size and location of the auroral ovals as a function of planetary Kp index. The ovals are mapped in position and time onto a solar illuminated surface model of the Earth. It displays both the night-and dayside together with the location of the twilight zone as Earth rotates under the ovals. The graphical display serves as a tool to forecast auroral activity based on the predicted value of the Kp index. The forecast is installed as a service at http://kho.unis.no/. The Zhang & Paxton (2008) ovals are wider in latitude than the Starkov (1994a) ovals. The nightside model ovals coincide fairly well in shape for low to normal auroral conditions. The equatorward border of the diffuse aurora is well defined by both methods on the nightside for Kp 7. The dayside needs further studies in order to conclude.
Introduction
On Earth the impact zones of energetic particles from the Sun, i.e. a circular belt of auroral emissions around each geomagnetic pole, are known as the auroral ovals (cf. Akasofu 1964) . The location and size of these ovals have been studied extensively in the second half of the 20th century.
During the International Geophysical Year (1957) (1958) , auroral occurrence was determined from all-sky camera studies for a wide variety of activity levels. The resulting figure was made up from a statistical study showing the poleward and equatorward auroral boundaries of the 75% occurrence probability (Feldstein 1963 (Feldstein , 1973 Feldstein & Starkov 1970) . The relationship between the morphology of the auroral oval and the level of geomagnetic activity allows us to develop models of the location of the aurora, independent of the vagaries of auroral observations (Holzworth & Meng 1975; Starkov 1994a) .
Over the last three decades, new models have evolved that use data of particle precipitation measured by polar orbiting satellites (Gussenhoven et al. 1983; Hardy & Gussenhoven 1985; Hardy et al. 1987 Hardy et al. , 1989 . Recently, Zhang & Paxton (2008) developed an auroral oval model based on data from the Ultraviolet Imager (GUVI) on board the TIMED (Thermosphere Ionosphere Mesosphere Energetics and Dynamics) satellite.
The planetary geomagnetic activity index Kp (Bartels et al. 1939 ) is directly related to the size and location of the auroral oval, and it is used as an input parameter to the above models. The Kp index is provided by the Helmholtz Centre in Potsdam, and it involves worldwide data collection and careful interpretation in line with a tradition that began in 1936. The traditional Kp index is not reported in real time. It is therefore not useful for forecasting purposes. However, an intermediate method of scaling the Kp from a small number of midlatitude stations has been developed by the US Air Force 55th Space Weather Squadron. This alternative Kp index is referred to as the estimated Kp index (Takahashi et al. 2001) , and it will be used in the present work.
The advent of stationary spacecraft between the Sun and the Earth has led to studies of the relationship between the structure of the solar wind and the resulting auroral and geomagnetic disturbances. When the input data come from a satellite located approximately 1 h upstream in the solar wind, the resultant predicted Kp forecast is relatively short term (Costello 1997; Wing et al. 2005) . It gives a 1-or 4-h warning. This can be very useful both for auroral observers and experiments that are dependent on the location and intensity of the aurora.
In this study we will compare the models of Starkov (1994a) and Zhang & Paxton (2008) . Our goal is to produce a real-time forecast, up to 1 h in advance, for the location and size of the aurora oval and mapped onto the Earth's surface. Solar elevation and cloud cover are the main obstacles for an auroral observer at the ground level. Therefore, this forecast also includes the observing conditions for a particular site. To our knowledge, no such combined display of information currently exists.
Two models of the auroral oval
This section describes the auroral oval models of Starkov (1994a) and Zhang & Paxton (2008) . Both models are presented using the same mathematical notation. occur during auroras. The range of the index is of the order of ± 800 nT. In terms of Kp index it is given as (Starkov 1994b )
The coefficients c i for i 2 [0, . . ., 3] are given in Table 1 . The value of the Kp index varies from 0 to 9 with 0 being very quiet and 5 or more indicating geomagnetic storm conditions. In detail, Kp represents a 3-h weighted average from a global network of magnetometers measuring the maximum deviation in the horizontal component of the Earth's magnetic field.
In coordinates of corrected geomagnetic colatitude, h, the boundaries of the oval are expressed as
where A im and a im for i 2 [0, . . ., 3] are amplitudes in units of degrees of latitude and phases in units of decimal hours, respectively. t is local time. Equation (2) is valid for the poleward (m = 0), the equatorward (m = 1) and the diffuse aurora boundaries (m = 2). The challenge now is to find the coefficients of equation (2). Starkov (1994a) does this using a new third-order polynomial for both the A im and a im coefficients Starting with the Kp index, equation (1) is used to obtain the AL index. Next, Appendix A is used to obtain the correct set of b im values to calculate the A im or a im coefficients by equation (3). Finally, the auroral boundaries are obtained using equation (2) . Note that the procedure works for Kp indices that are floating point numbers. The ovals are expanding smoothly as the Kp index increases.
The Zhang-Paxton ovals
This model uses Epstein functions to calculate either the electron flux or the mean energy flux for precipitating electrons based on data from the GUVI on board the TIMED satellite. The electron energy flux [ergs cm
À2

AEs
À1
] is given as The electron flux, Q, at any Kp index, can then be found using a nonlinear interpolation
where the subscripts m and m + 1 refer to the closest subintervals that satisfy the conditions k m Kp k mþ1 ð7Þ Note that if Kp is less than 0.75 then k 0 = 0.75 and k 1 = 2.25. Furthermore, the scale factors f m and f m+1 in equation (6) are calculated as
and
The function HP is the auroral hemispheric power as a function of Kp index in units of gigawatts 
In order to use the model it is necessary to scale the output. For each model run, the maximum value of the electron energy flux is stored. The net result is a polynomial fit that gives the maximum flux as a function of Kp index Table 2 .
Geographical transform
The ovals calculated in the previous section are centered on the magnetic poles (dipole). The Cartesian components in the graph are related to the polar magnetic coordinates by
where h and / are the magnetic latitude and longitude, respectively. In local magnetic time it becomes
where Á/ðtÞ is the longitudinal difference between the subsolar point and the magnetic poles at time t (hours). It is important in order to make sure that the ovals are oriented correctly with magnetic noon pointing toward the Sun as Earth rotates around its own axis. The transformation to geographic coordinates is then 
where k ¼ p=2 À h 0 0 is the latitudinal difference between the geographic and the north magnetic pole.
Finally, the geographic latitude and longitude of the ovals are given as
Note that the procedure is identical for the south magnetic pole if we assume that the ovals are mirrored.
Visualization
The ovals are visualized with a stand-alone 32-bit executable Windows program called SvalTrack II. The program is written in Borland's Delphi-Pascal and uses a Geographic Information System unit that displays interactively mapped data in real time onto a three-dimensional spherical Globe representing the Earth. The twilight zone, night-and dayside of the Earth are projected with grades of shade on the Globe as a function of time. The 3D globe can be rotated and zoomed to display a close-up of any region of the Earth.
The Feldstein-Starkov ovals are projected as semitransparent polygons onto the globe with an angular resolution of 1.5°. The equatorward boundary of the diffuse aurora is added as a polygonal line. The Zhang-Paxton ovals are mapped onto the globe with transparent scaled intensities according to electron energy flux. Every pixel of the display is processed in real time to determine electron energy flux values or which colors to draw onto the surface of the globe.
The local observational position is added as a point (red triangle) with corresponding state information of the Moon and the Sun. In addition, the circle of $ 10°around the observer represents a 180°field of sky view. The latter is under the assumption that the auroral emissions peak at an altitude of $ 110 km.
All the above features are shown in Figure 1 . A textured map is used to visualize the Earth on 24th December 2009. The twilight zone crosses most of Norway, and North America is on the nightside. The observer is located in Longyearbyen (78.2 o N, 16.0 o E), on the archipelago Svalbard, Norway. The Kp = 3 oval is typically broader on the night-vs. the dayside, with magnetic noon or cusp located over the site at $ 08:50 UT. The Moon is below the horizon, indicating favorable conditions to view the aurora. Also note that the island of Svalbard is uniquely located. It is possible to view both the day-and nightside aurora from this location midwinter. The index is predicted every 15 min by the use of the Wing Kp Predicted Activity Index model (Wing et al. 2005) , which takes into account the most recent estimated Kp values and the response of solar wind parameters (neural network algorithm).
The result is a real-time auroral oval forecast up to approximately 1 or 4 h in advance. The software is installed to run automatically at the Kjell Henriksen Observatory (KHO) on Svalbard, Norway. See link: http://kho.unis.no/. Figure 2 shows the results from the two models plotted on top of each other for different Kp indices. As expected, both models show ovals that are wider and more asymmetric with increasing Kp index. The Zhang-Paxton ovals have a larger latitudinal spread than the Feldstein-Starkov ovals, but they are close and within the equatorward boundary of the diffuse aurora of Starkov (1994a) on the nightside, except for severe and extreme auroral storm conditions. The spread in latitude is seen as a diffuse effect on the ovals of Figure 2 . The main difference between the model oval shapes is for storm conditions, where the Feldstein-Starkov dusk side of the ovals is poleward of the Zhang-Paxton ovals.
Model comparision
In order to quantify the difference, we define the intersection between the modeled ovals as the percentage fraction of the Zhang-Paxton points that are inside the Feldstein-Starkov ovals (polygons). The yellow glow of Figure 2 represents the intersection. Table 3 lists the results. Note that the overall intersection percentage is quite low (A \ B < 36%). This is due to the diffuse effect mentioned earlier. The Zhang-Paxton ovals are based on data from spaceborne ultraviolet cameras. These cameras see radiation that is not detected by ground-based instruments. This is due to the ultraviolet absorption in the middle atmosphere. Diffuse aurora equatorward of the discrete/visible aurora, caused by high energy particles that are lost from the ring current/radiation belts, may be more visible from space than from the ground.
On the other hand, the intersection A \ C > 80% for Kp 7. The diffuse equatorward border of Starkov (1994a) is close to the Zhang & Paxton (2008) equatorward oval border on the nightside. On the dayside the situation is opposite. The Starkov (1994a) diffuse border is clearly equatorward of the Zhang & Paxton (2008) equatorward oval border. We suspect that the lack or quality of the data from the dayside region both from space or ground may be the reason for the difference. On the dayside, the oval is contaminated by ultraviolet radiation from the Sun, and from the ground there are fewer observations compared to the nightside.
Note that this study uses the same threshold electron flux as Zhang & Paxton (2008) , Q min = 0.25 ergs cm
À2
AEs
À1
. Raising the threshold value will cut low flux contributions both poleward and equatorward of the ovals. The intersection of the ovals will then increase correspondingly. If we set the threshold too high, then the intersection also becomes too high. An intersection that equals 100% may only plot high flux values inside a small portion of the Feldstein-Starkov ovals. The relation between the threshold as a function of Kp index and what is detectable from ground is an aim for future studies.
Concluding remarks
The two methods by Starkov (1994a) and Zhang & Paxton (2008) are used to mathematically calculate the size and location of the auroral oval mapped onto a solar illuminated Earth globe. Both models only use Kp index and time as input, which makes them ideal candidates for forecasting aurora when the predicted Kp value is estimated from satellite data 1 hour upstream in the solar wind. The forecast is found at http://kho.unis.no/. As expected the Zhang-Paxton ovals deduced by space-borne data are wider than the ground-based Feldstein-Starkov ovals. In spite of difference in methods and platforms, the model ovals coincide fairly well in shape for low to normal conditions on the nightside. In addition, the equatorward border of the diffuse aurora is well defined by both methods on the nightside for Kp 7. On the dayside, there is a need to study further oval shapes for all levels of auroral activity, especially the equatorward border of the diffuse aurora.
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